INTRODUCTION
Over the past 10 years the depth-imaging seismic industry has mastered the model building and updating workflows in transversely isotropic (TI) media with vertical (VTI) or tilted axis (TTI) (Huang et al., 2007; . The challenge today is to address the cases when transverse Isotropy cannot adequately describe the media under investigation, such as in areas affected by oriented stresses or when fractured geological units are present. It is well known that correct description of wave propagation in such media requires a lower class of anisotropy, such as orthorhombic (Schoenberg and Helbig, 1997; Tsvankin, 1997) .
Stress or fracture-induced anisotropy can cause Azimuthal variations of amplitudes or travel-times that could be measured from wide-azimuth (WAZ) or multi-azimuth (MAZ) seismic data. Unfortunately such variations could be just apparent and due to the following unresolved conditions:
 Near-surface complexity (as in Zhu et al., 2008)  shallow heterogeneity -common problem when results from time imaging are used for quantitative studies of azimuthal variations (Montel et al., 2010)  tilt of the TI symmetry axis, such as in cases when VTI imaging is conducted in complex media requiring TTI.
Several possible approaches to handle the effects of seismic wave propagation in orthorhombic media exist: 1. Apply time corrections that are based on elliptical fit analysis pre-migration. 2. Study and quantify, including applying corrections, azimuthal variations post high-quality TI depth imaging to ensure all shallow heterogeneities are resolved (Johnson and Miller, 2013) . 3. Build separate TI models for each azimuth sharing the same V P0 (Whitfield et al., 2005) . This method is particularly useful for cases when available seismic data represent only two azimuths. It is based on the observation that in the presence of orthorhombic anisotropy, a TI assumption is correct for each single azimuth (Miller and Spencer, 1994) . 4. Perform orthorhombic depth imaging, including building and updating of orthorhombic model from WAZ and MAZ seismic data (e.g. Shen et al., 2012) .
In this work, we focus only on Option 4. and discuss several approaches and techniques for parameter derivation, which allow us to build the initial orthorhombic model, including finite-element geomechanical modelling. We illustrate the importance of having seismic data with sufficient azimuthal coverage and demonstrate the effectiveness of the workflow on real data from the Gulf of Mexico.
METHOD
Building anisotropic models for depth imaging is a tough problem because seismic data alone do not contain all information needed to describe even the TI medium. When we move to an orthorhombic representation of the medium, the requirements for complete data (offsets and azimuths for surface and borehole seismic and depth interval covered densely for borehole measurements) increase. And so does the need to include multidisciplinary data and knowledge in the process. Such data and knowledge could be used in many different ways: during initial parameters derivation; as constraints while propagating all the properties in 3D space to form initial model; during validation step of the model building and updating process; and/or as constraints during the tomographic update of the selected properties.
SUMMARY
Presence of oriented stresses and fractures in the subsurface can pose significant challenge when imaging wide-azimuth and multi-azimuth data using transverse isotropy as an approximation to describe the medium. We describe the key components of an orthorhombic modelbuilding and updating workflow for depth imaging in areas affected by stress. We discuss several different options for deriving the initial parameters describing orthorhombic medium and their dependencies on the geometry of the available seismic data.
We demonstrate the effectiveness of the workflow on real data from the Gulf of Mexico. Compared to transversely isotropic imaging, the orthorhombic imaging flattens the common-image-point gathers in all azimuths and results in improvements of image focussing.
To describe orthorhombic media one needs six independent parameters and according to Tsvankin's notation they are as follows: V P0 , δ1, δ2, δ3, ε1 and ε2. In addition one needs one angle to define slow and fast direction in the case of an orthorhombic medium with vertical axis (VOR) or three angles for an orthorhombic medium with titled axis (TOR). Our preference is to use quaternions (Lapili and Fowler, 2013 Building good-quality TI models is by far the easiest step today, because accounting for TI became a common practice even in exploration areas with limited well control. describe generic workflow for TI model building that could be applied to areas of arbitrary complexity with any combination of data availability, both seismic and non-seismic.
Choosing the method for azimuthal analysis may depend on the geology and the geometry of the seismic data. Different methods have different advantages and disadvantages and their application may result in slightly different answers. For example, in elliptical fitting of travel times, the output of the process gives direction of fast velocity in the horizontal plane and evaluation of the magnitude of Vfast and Vslow. This technique assumes a low-dip area that could be represented as VOR medium. Tomographic update of individual azimuths yields several sets of δ and ε that ensure gather flatness using the same V P0 and tilt-of-axis parameters. Elliptical fitting of this set of parameters allows us to derive slow and fast direction more reliably in areas of significant structural dip. In the future, we may replace these two techniques with a tomography in quadratic form. The results of finite-element geomechanical modelling could be used either partially, just to define the slow and fast direction in the plane perpendicular to the axis of symmetry, or as a full prediction of the orthorhombic properties (as in Rodriguez-Herrera et al., 2014) . The partial use of geomechanical modelling implies that one of the other methods will be used to determine the magnitude of the anisotropic parameters.
Initial orthorhombic parameters derivation requires combining in an optimal way the existing TI model with the results of azimuthal and/or stress analysis. Often, this process requires the incorporation of rock physics constraints and certain assumptions about δ3.
Model validation and updates with CIP tomography (Woodward et al., 2008) for fine-tuning V P0 and/or any other parameters are exactly the same as in TI model building.
Various constraints can and should be used during updates. What are the optimal combinations of parameters to update is a topic that will continue to be researched in the years to come.
FIELD DATA RESULTS
To demonstrate the validity of the workflow, we used seismic data from the Walker Ridge area of the Gulf of Mexico, representing two different vintages. First dataset is from 2x4-boats WAZ acquisition with nominal shooting direction of 45º, shot in 2011. The second dataset is an extraction from a dualcoil survey shot in 2013; the chosen azimuth bin is orthogonal to the WAZ data. Figure 1 shows the rose diagrams for the two different acquisition schemes and the representative four azimuths used for the orthorhombic model building. The TTI model was build using the workflow described in . Figure 2 compares tomographic velocity update from the last TTI iteration for two separate tomography runs. First run used only the three azimuths from the WAZ data and the second run used all four azimuths. One can clearly see that the addition of the fourth azimuth results in a slightly different update which would lead to a different V P0.
We built an orthorhombic model using tomographic updates on individual azimuths. Figure 3 compares a spiral gather for the same location from TTI (3a) and orthorhombic (3b) Kirchhoff migration. One can clearly see that orthorhombic migration successfully resolved the conflicting residual curvature and flattened the gathers consistently for all azimuths.
Further improvement was achieved after updating the V P0 with orthorhombic CIP tomography.
In parallel we conducted finite-element geomechanical modelling for the same data set (Rodriguez-Herrera et al., 2014) . Figure 4 illustrates the spatial distribution and orientation of minimum and maximum strain around a salt body in the area of interest and the relationship between global and local coordinates. Figure 5 , shows the direction of the stresses induced by the presence of the salt body on a depth slice at roughly 4 km depth. One can clearly see the change of stress-orientation around salt bodies that coincide with the zones of problematic residual curvature on seismic gathers in the TI model. Finally in Figure 6 , we present the stacked images for TI and orthorhombic Kirchhoff migration. The orthorhombic image provides better focussing and increased resolution over the entire area. Although the differences are subtle, these improvements will lead to much better inversion products.
The study that is comparing the results after applying different methodologies for deriving initial orthorhombic parameters using this dataset continues.
CONCLUSIONS
Orthorhombic imaging of WAZ data yields improved results in areas where azimuthal variations due to stress exist. The availability of seismic data representing the full range of azimuths strongly affects both, the convergence to a representative TI model needed as a starting point for initial azimuthal or stress analysis and the quality and reliability of all forms of elliptical fitting. Finite-element geomechanical modelling can provide a useful alternative for deriving initial orthorhombic model parameters, especially in cases when seismic data do not cover the full azimuth range, rendering the elliptical fitting techniques unstable. 
